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Description 

[0001] The present invention regards a read circuit for 
a nonvolatile memory. 

[0002] As is l<nown, in a floating gate nonvolatile 5 
memory cell, storage of a logic state is carried out by 
programming the threshold voltage of the cell itself 
through the definition of the quantity of electric charge 
stored in the floating gate region. 
[0003] According to the information stored, memory 
cells may be distinguished into erased memory cells 
(logic state stored "1"), in which no electric charge is 
stored in the floating gate region, and written or pro- 
grammed memory cells (logic state stored "0"), in which 
an electric charge is stored in the floating gate region 
that is sufficient to determine a sensible increase in the 
threshold voltage of the memory cell itself. 
[0004] The most widespread method for reading non- 
volatile memory cells envisages the comparison be- 
tween a quantity correlated to the current flowing 
through the memory cell to be read and a similar quantity 
correlated to the current flowing through a memory cell 
having known contents. 

[0005] In particular, to carry out reading of a memory 
cell, a read voltage is supplied to the gate temninal of 
the memory cell which has a value comprised between 
the threshold voltage of an erased memory cell and that 
of a written memory cell, in such a way that, If the mem- 
ory cell is written, the read voltage is lower than the 
threshold voltage, and hence no current flows in the 
memory cell itself, whereas, If the memory cell is erased, 
the read voltage is higher than the threshold voltage, 
and hence current flows in the cell. 
[0006] Reading of a memory cell is carried out by a 
read circuit known as "sense amplifier", which, in addi- 
tion to recognizing the logic state stored in the memory 
cell, also provides for the correct biasing of the drain 
terminal of the memory cell. 

[0007] Read circuits for a nonvolatile memory are, for 
example, described in EP-A-0 398 048, EP-A-0 740 307 
and EP-A-0 284 091. and also In EPnA-0814480 filed on 
June 18, 1996 in the name of the present applicant. 
[0008] According to what is illustrated in Figure 1 , the 
sense amplifier, indicated as a whole by the reference 
number 1 , comprises a supply line 2 set at the supply 
voltage Vqq; a ground line 4 set at the ground voltage 
VqnD' 3" array branch 6 connected, through an array 
bit line 8. to a nonvolatile array memory cell 10 the con- 
tents of which it is desired to read; a reference branch 
12 connected, through a reference bit line 14, to a non- 
volatile reference memory cell 1 6 the contents of which 
are known; a current-to-voltage converting stage 18 
connected to the array branch 6 and reference branch 
12 to convert the currents flowing in the array memory 
cell 10 and in the reference memory cell 16 into respec- 
tive electric potentials; and a differential comparator 
stage 19 having the purpose of comparing these electric 
potentials and supplying at an output an output logic sig- 
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nal OUT indicative of the binary information "0" or "1" 
stored in the array memory cell 10. 
[0009] In particular, the array cell 10 and reference 
celt 1 6 have drain terminals receiving the same read sig- 
nal Vr£^d, drain terminals connected to the array bit line 
8 and, respectively, to the reference bit tine 14, and 
source terminals connected to the ground line 4. 
[0010] The array branch 6 comprises an array column 
decoding block 20 connected between a node 22 (here- 
inafter indicated by the term "input array node 22") and 
the array bit line 8, and is made up of three NMOS tran- 
sistors 24, 26, 28 connected in series and receiving on 
gate terminals respective column decoding signals HM, 
HN, HO, whilst the reference branch 12 comprises a ref- 
erence column decoding block 30 connected between 
a node 32 (hereinafter indicated by the term "input ref- 
erence node 32") and the reference bit line 14, and is 
formed of three NMOS transistors 34. 36, 38 connected 
in series, having gate terminals connected to the supply 
line 2 and having the purpose of setting the drain termi- 
nal of the reference memory cell 16 in the same load 
conditions as the drain terminal of the array memory cell 
10. 

[0011] The array branch 6 and the reference branch 
12 comprise an array biasing stage 40 and, respectively, 
a reference biasing stage 42 having the purpose of bi- 
asing at a preset potential, typically 1 V, the input array 
node 22 and, respectively, the input reference node 32. 
[0012] The array biasing stage 40 and the reference 
biasing stage 42 have an identical circuit structure and 
each comprise a feedback cascode structure formed of 
an NMOS transistor 44 and an NMOS transistor 46, re- 
spectively, and of a regulator 48 and a regulator 50, re- 
spectively. In particular, the NMOS transistors 44 and 
46 have source terminals connected, on the one hand, 
to the input terminals of respective regulators 48 and 50, 
and, on the other, to the array bit line 8 and, respectively, 
to the reference bit line 14, drain terminals connected to 
the current-to-voltage converter stage 18, and gate ter- 
minals connected to the output terminals of the respec- 
tive regulators 48. 50. 

[0013] The current-to-voltage converter stage 1 8 con- 
sists of a current mirror having the purpose of carrying 
out the above mentioned current-to- voltage conversion 
and comprising a first diode-connected PMOS transistor 
52 arranged on the array branch 6, and a second PMOS 
transistor 54 arranged on the reference brsinch 12. In 
particular, the PMOS transistors 52 and 54 have gate 
terminals connected together and to the drain terminal 
of the PMOS transistor 52, source and bulk terminals 
connected to the supply line 2, and drain terminals con- 
nected, respectively, to the drain terminal of the NMOS 
transistor 44 and the drain terminal of the NMOS tran- 
sistor 46 and defining respective nodes 56. 58, herein- 
after indicated by the term "output array node 56 and 
output reference node 58". 

[0014] The array branch 6 and the reference branch 
12 further comprise an array precharging stage 60 and, 
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respectively, a reference precharging stage 62, which 
have the purpose of precharging the output array node 
56 and, respectively, the output reference node 58 
through respective current paths arranged in parallel to 
the current path defined by the current-to-voltage con- 5 
verier stage 18. 

[0015] In particular, the array precharging stage 60 
and the reference precharging stage 62 are designed in 
such a way as to be able to supply, for the precharging 
of the output array node 56 and the output reference io 
node 58. and hence of the parasitic capacitances asso- 
ciated to said nodes, a much larger current than the one 
which, on account of their reduced size, the PMOS tran- 
sistors 52 and 54 of the current-to-voltage converter 
stage 1 8 are able to supply, so enabling the precharging 15 
phase of these nodes to be speeded up considerably. 
[0016] In detail, the array precharging stage 60 and 
the reference precharging stage 62 present an identical 
circuit structure and each comprise a PMOS transistor 
64 and, respectively, a PMOS transistor 66. and an 20 
NMOS transistor 68 and, respectively, an NMOS tran- 
sistor 70, having high conductivity, that is, a high W/L 
ratio, connected in series and arranged between the 
supply line 2 and the output array node 56 and, respec- 
tively, between the supply line 2 and the output refer- 25 
ence node 58. 

[0017] In particular, the PMOS transistors 64 and 66 
have source terminals and bulk terminals connected to 
the supply line 2, gate terminals connected to the ground 
line 4, and drain terminals connected to the drain termi- 30 
nal of the NMOS transistor 68 and, respectively, to the 
drain terminal of the NMOS transistor 70; the said 
NMOS transistors 68 and 70 in turn have gate terminals 
receiving one and the same precharging signal SP. bulk 
terminals connected to the ground line 4, and source 35 
terminals connected to the output array node 56 and, 
respectively, to the output reference node 58. 
[0018] The comparator stage 19 has a non-inverting 
input terminal connected to the output array node 56 and 
an inverting input terminal connected to the output ref- 
erence node 58. and supplies, on an output terminal, 
the output signal OUT. 

[0019] Finally, the sense amplifier 1 comprises an 
equalization stage formed of an NMOS transistor 72 
having drain terminal connected to the output reference ^5 
node 58 and source terminal connected to the output 
array node 56, bulk terminal connected to the ground 
line 4. and gate terminal receiving an equalization signal 
SEQ having the purpose of issuing a command for turn- 
ing on the NMOS transistor 72 only during the phase of 50 
equalization of the output array node 56 and the output 
reference node 58, in order to short-circuit the aforesaid 
nodes together to set them at one and the same equal- 
ization potential. 

[0020] Also connected to the array bit line 8 is a plu- 55 
rality of array cells arranged on the same array column, 
the said cells being schematically represented in Figure 
1 by an array equivalent capacitor 76, which, for con- 
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venience of description, is represented as being directly 
connected to the input array node 22, and the capaci- 
tance of which typically has values of 2-3 pF. 
[0021] For a detailed description of the operation of 
the sense amplifier 1 and of the advantages that it 
makes possible, see -the aforementioned patent appli- 
cation. Here it is emphasized that the main difference 
between the sense amplifier 1 described in the above 
mentioned patent application and the sense amplifiers 
according to the prior art lies in the fact that in the sense 
amplifier 1 described above it is the PMOS transistor 52. 
to which the array branch 6 is connected, that is diode- 
connected, whereas in the prior art the sense amplifier 
it is the PMOS transistor 54, to which the reference 
branch 12 is connected, that is diode-connected. 
[0022] In the sense amplifier 1 it is therefore the cur- 
rent generated by the array memory cell 10 that is mir- 
rored on the reference branch 12, i.e.. multiplied by a 
mirror factor N, whereas, in the known art. it is the cur- 
rent generated by the reference memory cell 16 that is 
mirrored on the array branch 6, and this substantial dif- 
ference enables reading of the array cells to be carried 
out also in the presence of low supply voltages without 
extending the read times as compared to the operating 
conditions in which the supply voltage is high. 
[0023] With the amplification of the current flowing in 
the array memory cell 10. the use of the classic equali- 
zation network, which envisages the use of a transistor 
that turns on only during the precharging and equaliza- 
tion phases to short-circuit the output array node 56 and 
the output reference node 58, may no longer be suffi- 
cient when the aim is to obtain particularly reduced read 
times at low supply voltages. 

[0024] In particular, unlike what occurs in the sense 
amplifiers according to the known art, the read times that 
can be obtained with the sense amplifier 1 described 
above at low supply voltages are markedly influenced 
by an erroneous definition of the equalization potential 
of the output array node 56. 

[0025] In fact, if for example the equalization potential 
to which the output array node 56 is brought during the 
equalization phase is greater than a preset reference 
value, and in particular is such that the gate-source volt- 
age of the NMOS transistors 52, 54 of the current-to- 
voltage converter stage 18 is lower than the threshold 
voltage of the transistors themselves, the latter are off, 
and hence, when the equalization phase is terminated, 
no current is drained on the array branch 6. Conse- 
quently, the potentials of the output array node 56 and 
the output reference node 58 start to evolve as if the 
array memory cell 10 were written; i.e., the potential of 
the output array node 56 starts to increase, while the 
potential of the output reference node 58 starts to de- 
crease. 

[0026] If, however, the array memory cell 1 0 Is erased, 
at a certain point the NMOS transistors 52. 54 of the 
current-to-voltage converter stage 18 turn on, and thus 
the potential of the output array node 56 stops increas- 
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Ing and starts to decrease. When the potential of the 
output array node 56 is lower than the potential of the 
output reference node 58, the output signal OUT sup- 
plied by the comparator stage 1 9 then switches correctly 
to a high logic level. 

[0027] If a too low equalization potential is chosen, the 
opposite problem is instead encountered. In fact, if the 
equalization potential to which the output array node 56 
is brought during the equalization phase is lower than a 
preset reference value, in particular such that the gate- 
source voltage of the NMOS transistors 52. 54 of the 
current-to-voltage converter 18 is greater than the 
threshold voltage of the transistors themselves, the lat- 
ter are overdriven, and the potentials of the output array 
node 56 and output reference node 58 then tend to 
evolve as if the array memory cell were erased; i.e., the 
potential of the output array node 56 starts to decrease 
at a rate faster than that at which the potential of the 
output reference node 58 decreases. Also contributing 
to this evolution is the array equivalent capacitor 76, 
which, in so far as it continues to drain current, simulates 
the presence of an erased cell. 

[0028] If, hov/ever, the array memory cell 1 0 is written, 
at a certain point the potential of the output array node 
56 stops decreasing and starts to increase. Also in this 
case, then, before a written array memory cell can be 
read, it is necessary to wait for the potential of the output 
array node 56 to reacquire the right value, with conse- 
quent dilation of the read time, 

[0029] The problems of dilation of read times resulting 
from an incorrect definition of the equalization potential 
of the output array node 56 are moreover accentuated 
in the sense amplifier 1 described above by the fact that 
associated to the input array node 22 is the somewhat 
high (a few pF) capacitance of the array equivalent ca- 
pacitor 76, and by the fact that, with the circuit structure 
of the sense amplifier 1 described above, in which it is 
the current drained by the array memory cell 1 0 that is 
mirrored on the reference branch 12. the current that 
flows in the array branch 6 is lower than the current that 
flows in the reference branch 12. 
[0030] Figure 2 is a graphic representation of the con- 
sequences deriving from an incorrect definition of the 
equalization potential at a value higher than the above 
mentioned preset reference value for an erased array 
memory cell. 

[0031] In particular, Figure 2 shows the plots versus 
time of the equalization signal SEQ and of the precharg- 
ing signal SP, of the potentials V,^ and Vr of the output 
array node 56 and of the output reference node 58 re- 
spectively, of the potential Vp of the input array node 22, 
and of the output signal OUT of the comparator stage 
19 both during the equalization and precharging phases 
and during the read phase of an erased array memory 
ceil. 

[0032] During the equalization and precharging phas- 
es (in which the equalization signal SEQ and the pre- 
charging signal SP assume a high logic level), the po- 



tentials Vj^ and Vr, of the output array node 56 and of 
the output reference node 58 respectively, assume a 
value equal to the supply voltage Vqc decreased by a 
value equal to the threshold voltage of a PMOS transis- 

5 tor. the potential Vp of the input array node 22 assumes 
a value equal to 1 V, whilst the output signal OUT sup- 
plied by the comparator stage 19 assumes an interme- 
diate value equal to approximately one half of that of the 
supply voltage Vcc- 

10 [0033] Once the equalization and precharging phases 
are concluded (switching pulse edge of the equalization 
signal SEQ and of the precharging signal SP), the po- 
tential Vr of the output reference node 58 starts to de- 
crease, whilst the potential of the output array node 

15 56 erroneously starts to increase. Consequently, the 
output signal OUT supplied by the comparator stage 19 
and indicative of the binary information stored in the ar- 
ray memory cell 10 erroneously switches to a low logic 
level, which is indicative of a written memory cell. 

20 [0034] During this anomalous initial transient, the in- 
put array node 22 is discharged by the current flowing 
in the array branch 6, and its potential Vp decreases 
slowly towards a value lower than 1 V; in particular, the 
potential Vp of the input array node 22 decreases by an 

25 amount such as to enable the regulator 48 to supply to 
the gate terminal of the NMOS transistor 44 a voltage 
increment sufficient for discharging the output array 
node 56. 

[0035] When the potential Vp of the input array node 
30 22 has dropped by a quantity that Is sufficient for the 
NMOS transistor 44 to be able to discharge the output 
array node 56 and to bring the potential V,^ of the said 
node to a value lower than the potential Vp of the output 
reference node 58, the output signal OUT supplied by 
35 the comparator stage 1 9 conrectly switches to a high log- 
ic level indicative of an erased array memory cell, 
[0036] From what has been described above, it is 
therefore evident that the time required for discharging 
the output array node 56, and hence for arriving at a 
40 correct reading of the binary information stored in the 
array memory cell 10, is markedly affected by the dura- 
tion of the discharging transient of the input array node 
22 by means of the current supplied by the array mem- 
ory cell. 

45 [0037] Given, however, that associated to the input ar- 
ray node 22 is a capacitance of a few pF of the array 
equivalent capacitor 76 and given that, with the circuit 
structure of the sense amplifier 1 described above (in 
which it is the current drained from the array memory 

50 cell 10 that is mirrored on the reference branch 12), the 
current flowing in the array branch 6 is not typically very 
high, and the duration of the discharging transient of the 
input array node 22 is relatively high, thus considerably 
limiting the reduction of read times at low supply vottag- 

55 es. 

[0038] The aim of the present invention is therefore to 
provide a read circuit for a nonvolatile memory that is 
free from the drawbacks described above. 



7 



EP 1 071 096 B1 



8 



[0039] According to the present invention, a read cir- 
cuit for a nonvolatile memory is therefore provided, as 
defined in Claim 1 . 

[0040] For a better understanding of the present in- 
vention, a preferred embodiment thereof will now be de- 
scribed, simply In order to provide a non-limiting exam- 
ple, with reference to the attached drawings, in which: 

Figure 1 shows a circuit diagram of a known sense 
amplifier; 

Figure 2 shows plots of electrical quantities of the 
sense amplifier of Figure 1 versus time; 

Figure 3 shows a circuit diagram of a sense ampli- 
fier according to the present invention; and 

Figure 4 shows plots of electrical quantities of the 
sense amplifier of Figure 3 versus time. 

[0041] In Figure 3, the reference 1' designates, as a 
whole, a sense amplifier according to the present inven- 
tion. 

[0042] The sense amplifier 1* has a circuit structure 
largely similar to that of the sense amplifier 1 described 
previously, consequently the parts that are identical to 
those of the sense amplifier 1 will be designated by the 
same reference numbers, and differs from the latter in 
that it further comprises an array decoupling stage 80 
arranged between the output array node 56 and the ar- 
ray biasing stage 40, and a reference decoupling stage 
82 arranged between the output reference node 58 and 
the reference biasing stage 42, the said stages 80 and 
82 having the purpose of rendering the potentials of the 
output array node 56 and the output reference node 58 
independent of the potentials of the input array node 22 
and, respectively, of the input reference node 32. 
[0043] In particular, the array decoupling stage 80 and 
the reference decoupling stage 82 have identical circuit 
structures and each comprise first and second current 
mirrors 84, 86 and, respectively, 88, 90, cascaded be- 
tween the drain temriinal of the NMOS transistor 44, re- 
spectively 46, and the output array node 56, respectively 
the output reference node 58. 

[0044] In detail, the first cun-ent mirrors 84 and 88 
each comprise a first PMOS transistor 92 and a second 
PMOS transistor 94, respectively 96. 98. having gate 
terminals connected together and to the drain terminal 
of the PMOS transistor 92. respectively 96, and source 
and bulk terminals connected to the supply line 2. The 
PMOS transistors 92 and 96 moreover have drain ter- 
minals connected to the drain temninals of the NMOS 
transistor 44 and, respectively, of the NMOS transistor 
46. 

[0045] Each one of the first current mirrors 84 and 88 
further comprises a third PMOS transistor 1 00, respec- 
tively 1 02. having gate terminal receiving a first enabling 
signal SN, respectively a second enabling signal ENM, 



source and bulk terminals connected to the supply line 
2, and drain terminals connected to the gate terminals 
of the PMOS transistors 92, 94, respectively 96, 98. 
[0046] The second current min*ors 86 and 90 each 

5 comprise a first NMOS transistor 104 and a second 
NMOS transistor 106, respectively 108, 110, having 
gate terminals connected together and to the drain ter- 
minal of the NMOS transistor 104, respectively 108, and 
defining a node 105, respectively 109, and source and 

10 bulk terminals connected to the ground line 4. The 
. NMOS transistors 1 04 and 1 08 moreover have drain ter- 
minals connected to the drain terminals of the PMOS 
transistor 94 and, respectively, of the PMOS transistor 
98, whilst the NMOS transistors 1 06 and 1 1 0 have drain 

15 terminals connected to the output array node 56 and, 
respectively, to the output reference node 58, bulk ter- 
minals connected to the ground line 4, and source ter- 
minals connected to the drain terminal of a transistor 
112, which in turn has gate terminal receiving the first 

20 enabling signal SN and source and bulk terminals con- 
nected to the ground line 4. 

[0047] Each one of the second current mirrors 84 and 
88 further comprises a third NMOS transistor 114, re- 
spectively 116, having gate terminal receiving the first 

25 negated enabling signal SN, respectively the second 
negated enabling signal ENM, bulk and source termi- 
nals connected to the ground line 4 and drain terminal 
connected to the node 105, respectively 109. 
The operation of the sense amplifier V will now be de- 

30 scribed solely as regards the array decoupling stage 80 
and the reference decoupling stage 82, since the oper- 
ation of the rest of the circuit is already known from the 
aforementioned European patent application. 
[0048] In particular, the current mirrors 84 and 88 per- 

35 form the function of decoupling the output array node 
56 and the output reference node 58 from the input array 
node 22 and the input reference node 32 and, through 
the transistors 104 and 108, the current flowing in the 
array branch 6 is converted into a potential on the node 

40 105, and the current flowing in the reference branch 12 
is converted into a potential, on the node 109. 
[0049] The NMOS transistors 106. 110, connected in 
differential mode, thus carry out, jointly with the PMOS 
transistors 52, 54 which constitute their loads, the volt- 

45 age comparison between the potentials of the nodes 
105 and 1 09, and hence the output array node 56, which 
now is totally disengaged from the input array node-22 
and from the capacitance associated thereto, can be 
quickly brought to a steady state value according to the 

50 voltage unbalancing between the nodes 105 and 109 
themselves. 

[0050] The PMOS transistors 100, 102 and the NMOS 
transistors 112, 114 and 116 perform secondary func- 
tions. In particular, the PMOS transistors 100 and 102 
55 have the sole function of turning off the current mirrors 
84 and 88 when the enabling signals SN and ENM as- 
sume a low logic level, the said current mirrors 84 and 
88 consequently determining turning off of the current 
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mirrors 86 and 90, and thus considerable energy saving 
is achieved. The NMOS transistors 114 and 116. which 
are counterphase controlled with respect to the PMOS 
transistors 100 and 102, In that they receive, on their 
gate terminals, the negated enabling signals SN, ENM, 
have the function, when they are on, of bringing the 
nodes 105 and 109 back to the ground voltage Vg^d: 
whilst the NMOS transistor 112, which is phase control- 
led together with the PMOS transistors 1 00. 1 02. in that 
It receives on gate terminal the enabling signal SN. has 
the function of turning off the current-to-voltage convert- 
er stage 18 and the transistors 106 and 110, which are 
connected in differential configuration, as well as the 
function of increasing the common mode rejection ratio 
(CMRR) of the transistors 106 and 110. 
[0051] Figure 4 graphically highlights the advantage 
that the present invention makes possible as regards 
total reading time In the same operating conditions as 
those considered in Figure 2, i.e., in the case of an In- 
correct definition of the equalization potential at a value 
higher than the aforementioned preset reference value 
and in the case of an erased array memory cell. 
[0052] In particular. Figure 4 is similar to Figure 2 and 
shows, with continuous lines, the plots versus time of 
the equalization signal SEQ. of the precharging signal 
SP, of the potentials of the output array node 56 and 
Vr of the output reference node 58, of the potential Vp 
of the input array node 22, and of the output signal OUT 
of the comparator stage 1 9 for a sense amplifier accord- 
ing to the present invention, and. for comparison, with 
dashed lines, the plots versus time, already shown In 
Figure 2, of the potential of the output array node 56 
and of the potential Vp of the input array node 22 for a 
traditional sense amplifier. 

[0053] As may be noted in this figure by comparing 
the continuous lines with the dashed lines, with the use 
of the circuit solution according to the present invention 
a reduction in the potential V^^ of the output array node 
56 is obtained that Is decidedly faster than that obtained 
in a traditional sense amplifier. Consequently, in the 
sense amplifier according to the present invention, the 
instant in which the potentials and Vr, of the output 
array node 56 and of the output reference node 58 re- 
spectively, intercross, and in which switching of the out- 
put signal OUT occurs, is clearly anticipated with re- 
spect to the case of a traditional sense amplifier, with 
consequent considerable reduction in total read time. 
[0054] In addition, it may also be noted how the plot 
of the potential V^^ of the output array node 56 is alto- 
gether uncorrelated with the plot of the potential Vp of 
the input array node 22, which even after termination of 
the equalization phase remains constant at 1 V. 
[0055] A further advantage of the sense amplifier ac- 
cording to the present invention is that of enabling am- 
plification as desired of the currents flowing in the array 
memory cell 10 and in the reference memory cell 16 
through the mirror ratios of the transistors 94, 98, 106, 
and 110, thus enabling further reduction in the time re- 
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quired for discharging the output array node 56. 
[0056] The advantages of the sense amplifier 1' ac- 
cording to the present invention are evident from what 
has been described previously. 

5 [0057] Finally, it is clear that modifications and varia- 
tions may be made to the sense amplifier 1' described 
and illustrated herein, without thereby departing from 
the present invention as defined by the claims. 
[0058] For example, in the sense amplifier 1*. the di- 

10 ode connection present in the current-to-voltage con- 
verter stage 18 could also be made In a traditional way 
on the PMOS transistor 54 connected to the output ref- 
erence node 58, instead of on the PMOS transistor 52 
connected to the output array node 56, in order to be 

IS able to exploit the advantages of traditional cunrent-to- 
voltage converters. 
' [0059] Furthermore, the circuit structure of the sense 
amplifier 1* could be simplified by eliminating the NMOS 
transistors 106, 110 and the PMOS transistors 52 and 

20 54 of the current-to-voltage converter stage 18 and by 
connecting the comparator stage 19 directly to the 
nodes 105 and 109. According to this variant, then, the 
NMOS transistors 104 and 108 would perform the cur- 
rent-to-voltage conversion function, and the nodes 105 

25 and 109 would consequently define the output array 
node and the output reference node, respectively. 
[0060] This simplified structure could be further mod- 
ified by connecting the NMOS transistors 104 and 108 
together in such a way that they define a current mirror, 

30 i.e.. by connecting the gate terminals of the NMOS tran- 
sistors 104 and 108 together and by diode-connecting 
just one of these transistors, and then connecting the 
inverting terminal and the non-inverting terminal of the 
comparator stage 19 respectively to the drain terminal 

35 of the NMOS transistor 104 and to the drain terminal of 
the NMOS transistor 108. 

[0061] Finally, the circuit structure of the sense ampli- 
fier V could be further simplified by eliminating also the 
reference decoupling stage 82. at the expense, howev- 
^0 er, of a loss of symmetry in the circuit structure Itself. 



Claims 

45 1. A read circuit (V) for a nonvolatile memory cell, 
comprising a first reference line (2) and a second 
reference line (4) set, respectively, at a first refer- 
ence potential (Vqq) and a second reference poten- 
tial (Vqj^q); an array branch (6) having an input ar- 

50 ray node (22) connectable, via an array bit line (8). 
to an array memory cell (10) the contents of which 
it is desired to read; a reference branch (12) having 
an input reference node (32) connectable. via a ref- 
erence bit line (14). to a reference memory cell (16) 

55 the contents of which are known; said array branch 
(6) and reference branch (12) furthers having an 
output array node (56; 105) and, respectively, an 
output reference node (58; 109); current-to-voltage 
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converter means (18; 104, 108) connected to said 
output array node (56; 105) and output reference 
node (58; 109) to supply, on the output array node 
(56; 105) and output reference node (58; 109), re- 
spective electric potentials (V^^,, Vr) correlated to 
the currents flowing in said array memory cell (10) 
and, respectively, in said reference memory cell 
(16); and comparator means (19) connected at in- 
puts to said output array node (56; 105) and output 
reference node (58; 1 09) and supplying at an output 
a signal (OUT) indicative of the contents stored in 
said array memory cell (10); characterized in that 
it further comprises array decoupling means (80) ar- 
ranged between said input array node (22) and said 
output array node (56; 105) to decouple from one 
another the electric potentials of the Input and out- 
put an-ay nodes (22, 56; 22. 105). 

2. The read circuit according to Claim 1 , character- 
ized in that said array decoupling means (80) com- 
prise at least first current mirror means (84). 

3. The read circuit according to Claim 2, character- 
ized In that said first current mirror means (84) 
comprise a first transistor (92) and a second tran- 
sistor (94) having first terminals connected to said 
input array node (22) and, respectively, to said out- 
put array node (105), and second terminals con- 
nected to said first reference line (2), and control 
terminals connected together and to the first termi- 
nal of said first transistor (92). 

4. The read circuit according to Claim 3, character- 
ized In that said array decoupling means (80) fur- 
ther comprise second current mirror means (86) ar- 
ranged between said first current mirror means (84) 
and said output array node (56). 

5. The read circuit according to Claim 4. character- 
ized in that said second current mirror means (86) 
comprise a third transistor (104) and a fourth tran- 
sistor (106) having first terminals connected to said 
first terminal of said second transistor (94) and, re- 
spectively, to said output array node (56), second 
terminals connected to said second reference line 
(4), and control terminals connected together and 
to the first terminal of said third transistor (104). 

6. The read circuit according to any of the foregoing 
Claims, characterized in that it further comprises 
reference decoupling means (82) arranged be- 
tween said input reference node (32) and said out- 
put reference node (58; 109) to decouple from one 
another the electric potentials of the input and out- 
put reference nodes (32, 58; 32, 109). 

7. The read circuit according to Claim 6, character- 
ized in that said reference decoupling means (82) 



comprise at least third current mirror means (88). 

8. The read circuit according to Claim 7. character- 
ized In that said current mirror means (88) com- 

5 prise a fifth transistor (96) and a sixth transistor (98) 

having first terminals connected to said input refer- 
ence node (32) and, respectively, to said output ref- 
erence node (109), second terminals connected to 
first reference line 2, and control terminals connect- 
to ed together and to the first terminal of said fifth tran- 
sistor (96). 

9. The read circuit according to Claim 8, character- 
ized in that said reference decoupling means (82) 

15 further comprise fourth current mirror means (90) 
arranged between said third current mirror means 
(86) and said output reference node (58). 

10. The read circuit according to Claim 9, character- 
20 ized in that said fourth current mirror means (90) 

comprise a seventh transistor (108) and an eighth 
transistor (110) having first terminals connected to 
said first terminal of said sixth transistor (98) and, . 
respectively, to said output reference node (58), 
25 second terminals connected to said second, refer- 
ence line (4), and control terminals connected to- 
gether and to the first terminal of said seventh tran- 
sistor (108). 



Patentanspruche 

1. Leseschaltung (1*) fur eine nichtfluchtige Speicher- 
zelle, welche aufweist: Eine erste Referenzleltung 

35 (2) und eine zweite Referenzleltung (4), welche Je- 
wells auf ein erstes Referenzpotenzial (Vqc) 
ein zweites Referenzpotenzial (Vqi^iq) gesetzt sind; 
einen Feldzweig bzw. -Verzweigung(6). welcher ei- 
nen Eingangsfeldlcnoten (22) besitzt, welcher uber 

40 eine Feidbitleitung (8) an eine Feldspeicherzelle 
(10) anschliefibar ist, deren Inhalt zu iesen ge- 
wunscht wird; einen Referenzzweig (12), welcher 
einen Eingangsreferenzknoten (32) besitzt, wel- 
cher uber eine Referenzbitleitung (14) an eine Re- 

<s ferenzspeicherzelle (16) anschlielibar Ist. deren In- 
halt bekannt ist; wobei der Feldzweig bzw. - Ver- 
zweigung (6) und der Referenzzweig (12) ferner ei- 
nen Ausgangsfeldknoten (56; 105) und jeweils ei- 
nen Ausgangsreferenzknoten (58; 109) besitzen; 

50 eine Strom-zu-Spannung-Wandlervorrichtung (18; 
104, 108), welche mit dem Ausgangsfeldknoten 
(56; 105) und dem Ausgangsreferenzknoten (58; 
109) verbunden ist, um an dem Ausgangsfeldkno- 
ten (56; 105) und dem Ausgangsreferenzknoten 

55 (58; 109) Jeweils elektrische Potenziale (V^. Vp) zu 
liefern, welche mit den Stromen korreliert sind, wel- 
che in der Feldspeicherzelle (1 0) und jeweils in der 
Referenzspeicherzelle (16) flieften; und eine Ver- 
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gleichsvorrichtung (19), welche an den Eingangen 
mit dem Ausgangsfeldknoten (56; 105) und dem 
Ausgangsreferenzknoten (58; 109) verbunden ist 
und welche an einem Ausgang ein Signal (OUT) lle- 
fert, welches fur den Inhalt indikativ ist, welcher in 
der Feldspeicherzelle (10) gespeichert ist; gekenn- 
zeichnet dadurch, dass sie ferner eine Feldent- 
koppelvorrichtung (80) aufwelst, welche zwischen 
dem Eingangsfeldknoten (22) und dem Ausgangs- 
feldknoten (56; 105) angeordnet Ist, um die elektrl- 
schen Potenziale der Eingangs- und Ausgangsfeld- 
knoten (22, 56; 22, 105) voneinander zu entkop- 
peln. 

2. Leseschaltung nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass die Feldentkoppelvorrichtung (80) 
wenigstens eine erste Stromspiegelvorrichtung 
(84) aufweist. 

3. Leseschaltung nach Anspruch 2, dadurch gekenn- 
zeichnet, dass die erste Stromspiegelvorrichtung 
(84) einen ersten Transistor (92) und einen zweiten 
Transistor (94) aufweist. deren erste Anschlusse 
mit dem Eingangsfeldknoten (22) und Jewells mit 
den Ausgangsfeldknoten (105) verbunden sind, 
und deren zweite Anschlusse mit der ersten Refe- 
renzleitung (2) und die Steueranschlusse miteinan- 
der und mit dem ersten Anschluss des ersten Tran- 
sistors (92) verbunden sind. 

4. Leseschaltung nach Anspruch 3, dadurch gekenn- 
zeichnet, dass die Feldentkoppelvorrichtung (80) 
ferner eine zweite Stromspiegelvorrichtung (86) 
aufweist, welche zwischen der ersten Stromspie- 
gelvorrichtung (84) und dem Ausgangsfeldknoten 
(56) angeordnet ist. 

5. Leseschaltung nach Anspruch 4, dadurch gekenn- 
zeichnet, dass die zweite Stromspiegelvorrichtung 
(86) einen dritten Transistor (104) und einen vierten 
Transistor (106) aufweist, deren erste Anschlusse 
mit dem ersten Anschluss des zweiten Transistors 
(94) und jeweils mit dem Ausgangsfeldknoten (56) 
verbunden sind, die zweiten Anschlusse mit der 
zweiten Referenzleitung (4) verbunden sind und die 
Steueranschlusse miteinander und mit dem ersten 
Anschluss des dritten Transistors (104) verbunden 
sind. 

6. Leseschaltung nach eInem der vorausgehenden 
Anspruche, dadurch gekennzeichnet, dass sie 
ferner eine Entkoppelvorrichtung (82) aufweist, 
welche zwischen dem Eingangsreferenzknoten 
(32) und dem Ausgangsreferenzknoten (58; 109) 
angeordnet ist. um die elektrischen Potenziale der 
Eingangs- und Ausgangsreferenzknoten (32, 58; 
32. 109) voneinander zu entkoppeln. 



7. Leseschaltung nach Anspruch 6, dadurch gekenn- 
zelchnet, dass die Referenzentkoppelvorrichtung 
(82) wenigstens eine dritte Stromspiegelvorrich- 
tung (88) aufweist. 

5 

8. Leseschaltung nach Anspruch 7, dadurch gekenn- 
zeichnet, dass die Stromspiegelvorrichtung (88) 
einen funften Transistor (96) und einen sechsten 
Transistor (98) aufweist, deren erste Anschlusse 

10 nriit dem Eingangsreferenzknoten (32) und jeweils 
mit dem Ausgangsreferenzknoten (109) verbunden 
sind, die zweiten Anschlusse mit der ersten Refe- 
renzleitung (2) verbunden sind und die Steueran- 
schlusse miteinander und mit dem ersten An- 

15 schluss des funften Transistors (96) verbunden 
sind. 

9. Leseschaltung nach Anspruch 8. dadurch gekenn- 
zeichnet, dass die Referenzentkoppelvorrichtung 

20 (82) ferner eine vierte Stromspiegelvorrichtung (90) 
aufweist, welche zwischen der dritten Stromspie- 
gelvorrichtung (86) und dem Ausgangsreferenz- 
knoten (58) angeordnet ist. 

25 1 0. Leseschaltung nach Anspruch 9, dadurch gekenn- 
zeichnet, dass die vierte Stromspiegelvorrichtung 

(90) einen siebten Transistor (108) und einen ach- 
ten Transistor (110) aufweist, deren erste Anschlus- 
se mit dem ersten Anschluss des sechsten Transi- 

30 stors (98) und jeweils mit dem Ausgangsreferenz- 
knoten (58) verbunden sind, die zweiten Anschlus- 
se mit der zweiten Referenzleitung (4) verbunden 
sind und die Steueranschlusse miteinander und mit 
dem ersten Anschluss des siebten Transistors 

35 (108) verbunden sind. 



Revendications 

40 1. Circuit de lecture (V) pour une cellule de m6moire 
non-volatile, comprenant une premiere ligne de re- 
ference (2) et une seconde ligne de reference (4) 
placee, respectivement. a un premier potentlel de 
reference (Vcc) a un second potentiel de refe- 
rs rence (Vq^d) ; une branche de matrice (6) ayant un 
noeud de matrice d'entree (22) connectable. via 
une ligne de bits de matrice (8), a une cellule de 
memoire de matrice (10) dont on souhaite lire le 
contenu ; une branche de reference (12) ayant un 
50 noeud de reference d*entree (32) connectable, via 
une ligne de bits de reference (14), d une cellule de 
mfemoire de reference (16) dont le contenu est 
connu ; ladite branche de matrice (6) et branche de 
reference (12) comportant en outre un noeud de 
55 matrice de sortie (56 ; 105) et, respectivement, un 
noeud de reference de sortie (58 ; 1 09) ; des 
moyens de conversion courant-tension (18 ; 104. 
108) connectes audit noeud de matrice de sortie 
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(56 ; 1 05) et noeud de reference de sortie (58 ; 1 09) 
pour fournir, sur le noeud de tableau de sortie (56 ; 
105) et le noeud de reference de sortie (58 ; 109), 
des potentlels ^lectrlques respectlfs (Vf^. V^) cor- 
rel^s au courant passant dans ladite cellule de me- 
moire de matrice (10) et, respectivement, dans la- 
dite cellule de memoire de reference (16) ; et des 
moyens de comparaison (19) connectes aux en- 
trees dudit noeud de matrice de sortie (56 ; 105) et 
noeud de reference de sortie (58 ; 109) et fournis- 
sant a une sortie un signal (EXT) indicatif du conte- 
nu stocke dans ladite cellule de memoire de matrice 
(10) ; caracterise en ce qu*il comprend en outre 
des moyens de decouplage de matrice (80) arran- 
ges entre ledit noeud de matrice d'entree (22) et le- 
dit noeud de matrice de sortie (56 ; 105) pour de- 
coupler run de I'autre les potentlels electriques des 
noeuds de matrice d'entree et de sortie (22, 56 ; 22. 
105). 

2. Circuit de lecture selon la revendication 1 , caracte- 
rise en ce que lesdits moyens de decouplage de 
matrice (80) comprennent au moins des premiers 
moyens miroir de courant (84). 

3. Circuit de lecture selon la revendication 2, caracte- 
rise en ce que lesdits premiers moyens miroir de 
courant (84) comprennent un premier transistor 
(92) et un deuxieme transistor (94) ayant des pre- 
mieres bornes connectees audit noeud de matrice 
d'entree (22) et, respectivement, audit noeud de 
matrice de sortie (105), et des deuxiemes bornes 
connectees a ladite premiere ligne de reference (2), 
etdes bornes de commande connectees ensemble 
et a la premiere borne dudit premier transistor (92). 

4. Circuit de lecture selon la revendication 3, caracte- 
rise en ce que lesdits moyens de decouplage de 
matrice (80) comprennent en outre de deuxiemes 
moyens miroir de courant (86) arranges entre les- 
dits premiers moyens miroir de courant (84) et ledit 
noeud de matrice de sortie (56). 



reference (82) arranges entre ledit noeud de refe- 
rence d'entree (32) et ledit noeud de reference de 
sortie (58 ; 1 09) pour decoupler Tun de I'autre les 
potentlels Electriques des noeuds de reference 
5 d'entree et de sortie (32, 58 ; 32, 109). 

7. Circuit de lecture selon la revendication 6, caracte- 
rise en ce que lesdits moyens de decouplage de 
reference (82) comprennent au moins des troisie- 

10 mes moyens miroir de courant (88). 

8. Circuit de lecture selon la revendication 7, caracte- 
rise en ce que lesdits moyens miroir de courant 
(88) comprennent un cinquieme transistor (96) et 

15 un sixieme transistor (98) ayant des premieres bor- 
nes connectees audit noeud de reference d'entree 
(32) et, respectivement, audit noeud de reference 
de sortie (109) ; des secondes bornes connectees 
a ladite premiere ligne de reference (2), et des bor- 

20 nes de commande connectees ensemble et a la 
premiere borne dudit cinquieme transistor (96). 

9. Circuit de lecture selon la revendication 8, caracte- 
rise en ce que lesdits moyens de decouplage de 

25 reference (82) comprennent en outre des quatrie- 
mes moyens miroir de courant (90) arranges entre 
lesdits troisiemes moyens miroir de courant (86) et 
ledit noeud de reference de sortie (58). 

30 1 0. Circuit de lecture selon la revendication 9, caracte- 
rise en ce que lesdits quatriemes moyens miroir de 
courant (90) comprennent un septieme transistor 
(108) et un huitieme transistor (110) ayant des pre- 
mieres bornes connectees a ladite premiere borne 

35 dudit sixieme transistor (98) et, respectivement, 
audit noeud de reference de sortie (58), des secon- 
des bornes connectees a ladite seconde ligne de 
reference (4), et des bornes de commande connec- 
tees ensemble et a ia premiere borne dudit septie- 

40 me transistor ( 1 08). 



5. Circuit de lecture selon la revendication 4, caracte- 
rise en ce que lesdits deuxiemes moyens miroir de ^5 
courant (86) comprennent un troisteme transistor 
(104) et un quatrieme transistor (106) ayant des 
premieres bornes connectees a ladite premiere 
borne dudit deuxieme transistor (94) et, respective- 
ment, audit noeud de matrice de sortie (56), des se- 50 
condes bornes connectees a ladite seconde ligne 

de reference (4), et des bornes de commande con- 
nectees ensemble et a la premiere borne dudit troi- 
sieme transistor (104). 

55 

6. Circuit de lecture selon Tune quelconque des reven- 
dications precedentes, caracterise en ce qu'il 
comprend en outre des moyens de decouplage de 
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